The main objective of this paper is to determine the hydrolysis efficiency by using four different diluted treatment acids: sulfuric (H 2 SO 4 ), nitric (HNO 3 ), phosphoric (H 3 PO 4 ), and acetic (CH 3 COOH), in an attempt to improve the fibers and bioethanol production levels. In this study twelve Brazilian woods were investigated, including native and exotic species, hardwoods and softwoods. Processes to use wood waste recovery established to produce ethanol and cellulosic fibers simultaneously were carried out. For fermentation essay, a wild line of Saccharomyces cerevisiae yeast was investigated. The incomes related to hydrolysis efficiency, ethanol yields, fibrous fractions efficiency, and plus glucose and delignification levels using acid and alkaline treatments were tested. From the results it is possible to join the production of ethanol and cellulosic fibers simultaneously using wood chips, and due to the complexity of the analyzed material it´s still possible to isolate byproducts. Also from results, the yeast demonstrated to be efficient with an estimate maximum production of 12.94 liters per 100 kg of biomass using Balfourodendron riedelianum specimen and sulfuric acid hydrolysis. All acids and samples demonstrated high and similar efficiency in hydrolysis, indicating that these are feasible for the processes.
Introduction
There is a considerable potential to modernize the use of biomass to produce fuels and convenient energy vectors such as electricity, while the traditional uses of biomass is still preserved.
When produced in sufficient and sustainable ways, energy from biomass brings many environmental and social benefits if compared to other fossil fuels. Some geopolitical factors related Universidade Tecnológica Federal do Paraná -UTFPR Campus Ponta Grossa -Paraná -Brasil ISSN 1808-0448 / v. 07, n. 02: p. 135-154, 2011 D.O.I.: 10.3895/S1808-04482011000200007
Revista Gestão Industrial to the security of oil supply, high prices and serious environmental concerns, like global warming, are essential to the sustainability through alternative fuels such as bioethanol (COPPOLA et al., 2009 ). Using ethanol instead of petroleum derivatives is advantageous in many aspects (KRISHNA et al., 2001; ZHU et al., 2010a; 2010b) .
The development of new technologies for treatment of the lignocellulosic materials for ethanol production is well regarded by the world, both economically and environmentally, as compared to fossil fuel´s production. Today, ethanol is one of the most important alternative fuels which can be obtained through the fermentation of sugars using a biological catalyst, such as yeast.
Processes for producing ethanol using yeasts have been extensively investigated. In an attempt to minimize the production costs, the use of cellulosic materials, which includes agro-industrial residues and wood wastes, appears as important source of carbohydrates for biomass fermentations (SUN, 2002; CHENG, 2004) .
Wood is a complex substance of polymeric character. Generally among 40% to 50% weight of dry wood consists of cellulose, which is a fiber of great commercial value. The cell walls consist of polysaccharides, lignin and holocelluloses. The holocellulose is a mixture of short-chain polymers such as arabinose (C 5 H 10 O 5 ), galactose (C 6 H 12 O 6 ), glucose (C 6 H 12 O 6 ), mannose (C 6 H 12 O 6 ) and xylose (C 5 H 10 O 5 ). Lignin is a complex polymer of substituted phenols that act as ligands of cellulosic fibers (FENGEL; WEGENER, 1989) . Cellulose can be hydrolyzed by the action of mineral acids, unfolding into glucose.
Glucose can be fermented by yeasts to produce alcohol. In nature, these processes carried out by fungi and bacteria's, or utilizes enzymes to break down the cellulose molecules, which are called cellulases, and also by yeasts which ferment wood sugars into alcohol. The technological process of ethanol production from lignocellulosic materials can be schematically divided in three stages: (1) extraction of sugars from the raw material, (2) fermentation of sugars, and (3) distillation and rectification of fermented alcohol contained in the fermented wine. In most cases a presaccharification hydrolysis is included in the procedure to remove more easily all the hydrolysable polyoses before the mainly cellulosic hydrolysis occurs. The greatest potential for glucose utilization in biochemical processes is in fermentations to produce ethanol, but other valuable products can also be derived from wood´s glucose (LEWIN; GOLDSTEIN, 1999; MARTÍN et al., 2003) .
Generally, the hydrolysis yields without the pre-treatment phase are 20% of the theoretical yield, while the yield after pre-treatment is often greater than 90% of theoretical yield. It is assumed that the limited effectiveness of current enzymatic processes using soft woods is due to the relative difficulty of performing the pre-treatment of these materials. Various studies are conducted on the lignocellulosic pre-treatments (MCMILLAN, 1994; YANG et al., 2006) . The hydrothermal treatment using water at temperatures of 170 °C to 220 °C has been applied for pretreatment of lignocellulosic materials aimed at the solubilization of lignin's and hemicellulose´s providing to these polymers subsequent enzymatic treatment leading to glucose and other saccharides production which could be used in bioprocesses of commercial interest (CHUM et al., 1990; ZHU et al., 2010) .
Hydrolysis of cellulosic biomass using mineral acid is one of the methods employed to separate the lignin from monosaccharides from lignocellulosic biomass, however, this process is strongly dependent of the acid concentration and temperature. It has been reported that at low mineral acid concentrations, high temperature is required to achieve significant hydrolysis, thus requiring high energy loading. Although a high mineral acid concentration can significantly reduce temperature or the energy requirement, higher than 20% concentration of mineral acids would be needed. The process does not provide a promise for substantial industrial gains (SASAKI et al., 1998; IRANMAHBOOB et al., 2002; KAKANSON; AHLGREN, 2005) because of the difficulties in reusing and recycling the mineral acid. Therefore, establishment of an effective and environmentally benign hydrolysis process is of great significance to the conversion and the utilization of lignocellulosic biomass.
During hydrolysis, however; toxic compounds are produced, mainly derivatives of furfural, some degraded phenolic compounds and organic acids can often inhibit or undesirably effect on biocatalysts performance in bioprocesses interfering in the ferment ability when present in concentrations above 1% in weight (WOICIECHOWSKI et al., 2000) . The control of the hydrolysis process aims to minimize the concentrations of toxic compounds, currently; different treatments are used for improving the capacity of hemicellulose hydrolysis fermentations (CARDONA et al., 2010; XAVIER et al., 2010; ZHU et al., 2010) .
The objective of this study is to investigate the hydrolysis yields using different mineral acids: sulfuric, nitric, phosphoric, and acetic, in order to discover which hydrolysis process is more advantageous for Brazilian woods. Also, a theoretical projection to determine the ethanol yields produced in liters per 100 kg of biomass was carried out, as well as delignification and samples fibrous fractions efficiency. Wood chips were utilized because are considered industrial wastes with low commercial value and currently burned in boilers to generate steam and power cogeneration.
This research contributes by generating new information about acid hydrolysis performance upon Brazilian wood´s wastes which could be used for bioethanol production.
Materials and Methods

Raw materials
All lignocellulosic wastes used as samples were supplied by furniture companies from the states of Santa Catarina and Paraná, in the Southern region of Brazil. 
Chemicals
All chemicals used in this work were from commercial sources. Acids were purchased from Alfa Aesar, among them: Acetic acid (CH 3 COOH), nitric acid (HNO 3 ), sulfuric acid (H 2 SO 4 ) and phosphoric acid (H 3 PO 4 ). The intention of using different acids was to identify which one can perform the most efficient hydrolysis action upon wood particles, having higher affinity to break cellulose present in the samples into glucose, for subsequent fermentation.
Microorganism
The yeast 
Pretreatment essay
The samples were sieved (20 mesh) in an amount of 200 g for each species, and then, samples were subjected to a treatment. For this treatment 250 ml of distilled water (H 2 O) and 1%
(volume-based) concentration using dilute acids, sulfuric, acetic, nitric and phosphoric occurs separately. After this wood chips were submitted to reaction time for 1 h at 120 ºC. The relationship between dry weight and volume of samples solution was (1:30), established in preliminary studies Yang (2006) , in which was sought to preserve the maximum integrity of shredded wood chips.
After this pretreatment it was determined the hydrolysis fractions yields which corresponds to the glucose concentrations (cellulose transformed into hydrolyzed glucose). Glucose was identified using a blank test by replacing the acid diluted solution by distilled water.
Efficiency of cellulosic fibers and delignification
The fibrous fraction of lignocellulosic materials is the result of the sum of lignin and holocelulose (composed of cellulose and hemicelluloses). It's possible to obtain fibrous fractions efficiency after acid or alkaline delignification (pretreatment). In acidic ways, the samples were treated with a solution composed of glacial acetic acid 1% and distilled water. The alkaline treatment was made using sodium hydroxide solution (1% NaOH) concentration. Both treatments were kept in water bath until complete individualization of cellulosic fibers and other wood´s anatomical elements.
After this, the cellulosic fibers were exhaustively washed using a fine-mesh sieve (20 meshes) and dried at 105 ± 3 ºC until acquire constant weight. The ratio between the dry weight of cellulosic fibers and initial weight of samples provided the yields of cellulosic fibers, according to methodology adopted by Krishna et al., (2001) . The procedures for determining the cellulose fibers consists in taking 100.0 g of samples before final hydrolysis occurs and applying to it a solution of 200 ml of H 2 O and diluted acetic acid (1% CH 3 COOH) and hydrogen peroxide (2% H 2 O 2 ; 40 volumes). Then, the proceedings were kept in water bath during 1 h at 70 °C ± 5 and the cellulose fractions were then washed exhaustively with H 2 O and dried in electric oven at 105 °C till reach constant weight. The efficiency of cellulosic fibers was calculated from the following formula (1):
(1) Efficiency of cellulosic fibers (%) = Initial weight -Final weight x 100
Initial weight
Hydrolysis and fermentation process essays
The hydrolysis process was carried out using a stainless steel autoclave with 20 liters of total capacity at a pressure of 7 kg/cm 2 . Operating parameters of this process were established according to Taherzadeh et al., (2001) . Then, to the initial amount of 100 g of sawdust samples, it was added 400 ml of distilled water for each samples and for each dilute acids concentration (1% nitric, sulfuric, acetic, or phosphoric). After this process the samples received a suspension of calcium carbonate (CaCO 3 ) to stabilize the pH between 6.0 and 7.0 and were kept stirring during 2 hours period. This procedure consisted of final hydrolysis of the material. At this time, after 2 h, the solution was filtered using paper filters to remove small particles and reminiscent lignin. These hydrolysate samples were subjected to fermentation essay.
The efficiency of hydrolysis process was determined as the percentage of cellulose removed from the chips and transformed into glucose. The conversion factor considerate for ethanol was 0.56, assuming that 100.0 g of cellulose produces 100.0 g of glucose. The formula used was defined as (2): (2) Hydrolysis Efficiency (%) = Glucose concentration after hydrolysis Cellulose concentration before hydrolysis
After the hydrolysis 100.0 g of biomass samples were fermented using twelve Erlenmeyer's with 500 ml capacity in anaerobic conditions. Samples were inoculated using approximately 3%
(v/v) of wild Saccharomyces cerevisiae strain colony formed and 200 ml of pure distilled water.
Samples were then submitted to fermentation essay during 48 hours period at 30º C in controlled climate.
For distillations a mini-scale distillatory device was used, which yielded sufficient 1.000 ml of ethanol 100% per sample. After this, using an Alcoholic Strength Table (ratio temperature and density of the mixture) passing 30 minutes for ethanol stabilization, a Gay-Lussac alcoholmeter identified alcohol 100º g/l content of the prepared mixture. As this minimum quantity of produced ethanol considerate not sufficient for industrial production, the ethanol levels of samples was estimated in calculus using liters per 100 kg of used biomass, as will be explained in the next topic.
Estimative of ethanol production
For the estimate calculus of ethanol gave in liters per 100 kg of biomass the results were obtained by multiplying the concentration of fermentable glucose by the conversion factor of glucose to ethanol (0.56) according to Sun et al., (2002) . This conversion factor was obtained by considering the normal levels of fermentation (90%), distillation (95%), density of ethanol at 25 °C (0.785 g / cm³) and the molecular mass of glucose (180.16 g/mol) and also the molecular mass of ethanol (46.07 g/mol -1 ). Therefore, the results were obtained by calculus considering as a potential estimative of fermentable glucose conversion in ethanol taking in the other hand, only through using other methods of ethanol quantification such as chromatographic and by spectrometry is possible to obtain the real results of ethanol concentrations.
Results and Discussion
Delignification and fibers efficiency
Lignin is one of the major content in lignocellulosic materials; the amount of produced lignin by the industry could be greater according to Oliet et al., (2001) . A study about yields and lignin structure changes by using acids hydrolysis process is necessary (XU et al., 2006) . The meaning of delignification process carries out the efficiency of fibers production improving the ethanol yields with the extra possibility of use lignin and cellulosic fibers commercially, as byproducts of the process which has been expected for wood´s ethanol production in sustainable molds (Zhang et al., 2010 ).
Delignification's using acid treatments were efficient and could well separate the cellulose fractions from lignin and still maintain the fibers fractions. The delignification rates stayed between 70.0% using Hymenolobium petraeum and 93.3% using Tabebuia cassinoides species (Figure 1a ).
In the other hand, the alkaline treatment remained between 68.0% using Hymenolobium petraeum and 92.12% also using Tabebuia cassinoides species (Figure 1b) . Figure 1a -Cellulosic fibers yields and delignification efficiency per species using acid treatment (CH 3 COOH).
Source: Authors (2011) Using the acid treatment ( Figure 1a ) the fibers yields maintained between 45.0% by using
Laurus nobilis specimen and 53.40% using Myroxylon peruiferum and also by using Balfourodendron riedelianum. And delignification levels maintained between 70.0% using Hymenolobium petraeum and 93.3% using Tabebuia cassiniodes. The differences among species chemical constitution are responsible for values disproportions. Using alkaline treatment ( Figure 1b ) the delignification rates stays between 68.0% using Hymenolobium petraeum and 92.12% using Tabebuia cassinoides. The cellulosic fibers yields remained among 46.0% using Ocotea catharinensis and 53.76% using Balfourodendron riedelianum.
For delignification and fibers separation both (acid and alkaline) treatments demonstrated to be very similar in efficiency. As can be observed, the cellulosic fibers and delignification´s yields are related, with some exceptions. Lignin represents one of the main obstacles in using lignocellulosic materials for biotechnological applications. It is generally accepted that celluloses are irreversibly absorbed by lignin in lignocellulosic materials constitution decreasing hydrolysis efficiency. The determination of cellulosic fibers efficiency is also important for its determination in composite materials and other wood materials use which could be applied in diversified applications as byproducts. From results, as demonstrated ( Figure 1a ) and (Figure 1b ) that it is possible to preserve the cellulosic fibers in bioethanol of wood wastes production through delignification pretreatment. Lignin previously removed can over there increase the ethanol production because lignin acts as a fermenter inhibitor for general microorganisms such as Saccharomyces cerevisiae yeast.
Also previously removed lignin can either be used in diverse industrial byproducts. So, the delignification of wood chips before fermentation becomes crucial to achieve better results in ethanol yields. The conversion of biomass into high-valued chemicals has also attracted significant attention. So, lignin can be converted to valuable products, such as carbon fiber, phenols and adhesives (URAKI et al., 1997; SANO, 2000) . According to the results, the most efficient species in hydrolysis levels by using diluted acetic acid (CH 3 COOH) treatment were: Brosimum 32.62% Hymenolobium petraeum 31.35%, and
Ocotea catharinensis 27.55% species. Using this acid, the hydrolysis efficiency mantains between 21.47% and 32.62%, and the glucose demonstrated rates in a range of 11.20% and 17.20% and hydrolyze cellulose efficiency rates mantained between 10.17% and 17.20% (Figure 2 ).
Nitric acid also provides good rates of hydrolysis transformation. Laurus nobilis 33.44% and Balfourodendron riedelianum 32.49% followed by Hymenolobium petraeum 28.50% are the most efficient hydrolyzed species using diluted nitric acid (HNO 3 ). The glucose rates stayed between 10.0% and 15.0% and hydrolyzed cellulose between 9.0% and 15.85% (Figure 3 ).
All diluted acid hydrolysis could well convert wood´s hemicelluloses into monomeric sugars. The resulting hydrolyzate liquor is rich in monomeric sugars, especially in glucose, fructose and xylose. After a certain process using centrifuge -neutralization -and membrane filtration, the solid phase and most of the most quantities of fermentation inhibitors can be nearly eliminated and the hydrolyzate can be used as a good fermentable media to yield bio-ethanol and other valuable products (LIU et al., 2008a; 2008b) . Non-cellulose fractions such as lignin and hemicelluloses (accounting for 50 -55% of dry weight of wood and straw) are actually in most of times used only burned to produce process energy (VILA et al., 2003) . This means that 70 -90% of lignin can be removed from cellulose in the microstrutural constitution of wood for best ethanol efficiency of conversion and also for produce process energy. In this work, removed lignin rate stayed between 70.0% and 93.33% which is in according to the literature for dilutted acid hydrolysis of woods. Also, the cellulosic fibers efficiency stayed between 70.0% and 97.40% demonstrating high fiber levels stimulating even more the pretreatment application keeping fibers intact with the possibility of utilization and also improving ethanol yields, since once the fibers are removed then yeast can achieve free glucose easily. According to the literature, the most used acid for hydrolysis is sulfuric diluted acid at 1%
concentration Ruofei (2010) . But the price of acid elevates the process costs and also sulfuric acid demands a expansive anti-corrosion equipment (IRANMAHBOOB et al, 2002) . The use of diferent acids can provide practically the same or better hydrolysis results in substitute to sulfuric acid as verified in this work. The glucose concentrations and hydrolysis yields founded in this work are within the literature as according to Iranmahboob et al., (2002) using diluted sulfuric acid hydrolysis treatment and a mix of spruce woody biomass. In this work, using diluted sulfuric acid hydrolysis the most efficient species were: Balfourodendron riedelianum 27.03%, Nectandra lanceolata 26.06% and Myroxylon peruiferum 24.07% (Figure 4 ). According to the results, all acids demonstrated to have almost equal efficiency in hydrolysis process carried out in lignocellulosic material used in this work. So the use of other acids for hydrolysis emerges as a value discover for ethanol process improvements.
The most efficient species in obtaining higher diluted phosphoric acid (H 3 PO 4 ) hydrolysis rates were: Balfourodendron riedelianum 26.79%, Brosimum 24.89% and Nectandra lanceolata 24.70% species as demonstrated in (Figure 5 ). From this results it´s possible to understand that even with high hydrolysis yields, the glucose recovery becomes difficult, from most acids between 10% difference between hydrolysis efficiency and glucose recovery. Using phosphoric acid, hydrolyzed cellulose rates stayed between 8.10% and 12.69% and glucose recovery rates between 9.0% and 14.10% ( Figure 5 ). 
Estimation of ethanol production per acid and per species
The ( estimation for the ethanol production by using acetic, nitric, phosphoric and sulfuric acids. In this work, hydrolysis, fermentation and distillation processes were performed in laboratorial scale resulting in minimum quantities (1,000 ml per species) So, the using of calculus was necessary for carry out an ethanol production estimative in large scale which is given in liters per 100 kg of biomass as explained at this work session (2.7). According to the results, by using acetic acid hydrolysis performed the estimate ethanol rates per 100 kg of biomass were inside the range of 9.63 liters/100 kg using Brosimum, and 6.32 l/100 kg using Laurus nobilis ( Figure 6 ). Hydrolysis performed using nitric acid, showed good results due to (HNO 3 ) affinity reaction to break down cellulose into glucose, and the specimens: Balfourodendron riedelianum Laurus nobilis and Hymenolobium petraeum showed hydrolysis yields even better than using sulfuric (H 2 SO 4 ) and as showed in (Figure 7 ). The ethanol rates using this acid stayed between 5.60 l/100 kg using Pinus Elliotti and 9.85 l/100 kg using Laurus nobilis using diluted sulfuric treatment. The species: Balfourodendron riedelianum, Brosimum and Nectandra lanceolata were the efficient species in estimate capacity of ethanol production using phosphoric acid H 3 PO 4 (Figure 8 ).
The ethanol rates using this acid stayed between 5.04 l/100 kg using Cedrelinga catenaeformis and 7.89 l using Balfourodendron riedelianum per 100 kg of used biomass.
Using sulfuric acid H 2 SO 4 , Balfourodendron riedelianum, Nectandra lanceolata and
Myroxylon peruiferum demonstrated to be the most efficient producers of ethanol ( Figure 9 ). The ethanol rates using this acid stayed between 5.40 l/100 kg using Pinus Elliotti and 12.90 l/100 kg using Balfourodendron riedelianum. According to the results, (Figure 10) it's possible to visualize a comparative between acid and alkaline pretreatment for delignification's and fibers production efficiencies respectively. Acid and alkaline delignification's demonstrated to be similar in efficiency, and the results depends much of the chemical constitution from species to species. Also depends, the separation of lignin from fibers by using acid and alkaline treatments as can be observed (Figure 10 ). In ( Figure   11 ) it's possible to visualize a comparative between the hydrolysis efficiency by using the different acids. A comparative between the glucose recoveries per acids is demonstrated in (Figure 12 ). And finally, a comparative between ethanol capacities of production using different acids is demonstrated in (Figure 13 ). There´s differences between the hydrolysis yields by using the different acids: Nitric acid, phosphoric and acetic mainly. This indicates that these acids are feasible substitutes for diluted sulfuric acid. Also here, the hydrolysis efficiency appears to be related with the chemical constitution of analyzed species. The most efficient acid in cellulose hydrolysis was nitric acid, followed by sulfuric, phosphoric and acetic. But it depends from species to species. Variations between hydrolysis yields demonstrated to be within the range of 10% and 35%. As possible to see in (Figure 12 ), a glucose recovery 6% and 18% depending of the specie performed. This indicates that these rates of glucose can be directly fermented by the yeast and the fibers can keep maintained (Figure 10 ). A production of ethanol using sulfuric acid demonstrated to produce more ethanol per 100 kg of biomass followed by nitric, acetic and phosphoric acids, respectively ( Figure 13 ). The ethanol yields demonstrated to be inside the range of 4 % and 14.0% efficiency.
Conclusion
In this study the use of nitric, sulfuric, phosphoric and acetic diluted acid hydrolysis represents an interesting alternative for bioethanol production and its also possible to simultaneosly produce fibers from Brazilian wood wastes. Savage line of Saccharomyces cerevisiae demonstrated to be very efficient in ethanol production, with an estimate production inside the range of 12.90 liters per 100 kg of biomass using Balfourodendron riedelianum specimen and (H 2 SO 4 ) and 5.04 using Cedrelinga catenaeformis and (H 3 PO 4 ) diluted acid hydrolysis. Generally, all acids demonstrated great and similar efficiency. The distillatory process occurred in laboratorial scale and due to the minimum quantities of ethanol produced it was necessary to use calculus in the estimation of ethanol production for large scale. The delignification levels by using acid and alkaline treatments demonstrated to be feasible for lignin separation and yielded good fibers content, which both could be used industrially as byproducts. Also, all acids and samples demonstrated potential for use in fibers and bioethanol production, and seemed to be influenced mainly by the chemical constitution of species. Palavras-chave: hidrólise; ácidos diluídos; resíduos de madeira; fibras celulósicas; bioetanol.
Resumo
